Background: Patellar tendinopathy is common among athletes in jumping sports and in sports with prolonged repetitive stress of the knee extensor apparatus. The epidemiology in soccer is not well described.
Patellar tendinopathy (PT) is a common condition among athletes characterized by gradually progressive activity-related anterior knee pain and focal patellar tenderness. 30 Symptoms are often serious, leading to recurrent or longstanding impairment of athletic performance. 20 Currently, there is no consensus on what is the most appropriate treatment of PT and treatment results are often disappointing. 3, 26 Patellar tendinopathy can thus have a major effect on the career of many athletes and for some, it is even the reason to end their career prematurely. 18 Historically, PT has often been referred to as jumper's knee because the prevalence is especially high in jumping sports. Lian et al 20 reported a current prevalence of 45% in elite volleyball and 32% in elite basketball players. However, in other sports like soccer, a prolonged repetitive stress of the knee extensor apparatus can also lead to this overuse tendinopathy of the patellar tendon. 17, 20 Its causes have not been elucidated completely so far but seem to be multifactorial. Evidence is limited regarding risk factors for PT, with conflicting results in the literature. Some of the suggested intrinsic risk factors are male gender, 20 tall stature, 20 high body mass, 4, 20, 22, 23 and reduced ankle dorsiflexion, 24 while extrinsic factors include increased training frequency, 4, 7, 11 high frequency of weight and jump training, 20, 22 and, in volleyball, playing on hard surfaces. 2, 7 Soccer, one of the most popular sports with about 260 million players worldwide, causes a large amount of acute and chronic injuries in both male and female players of every age and at all playing levels. 16 Up to now, most attention in soccer-related medical research has been paid to the epidemiology, prevention, and clinical management of acute injuries such as knee, ankle, and hamstring injuries, conditions that give rise to significant morbidity in soccer players and that can also result in high medical costs and financial burdens for professional soccer teams. 6 Even though PT might also negatively influence the athletic performance and career of soccer players, surprisingly few research papers have been published about patellar tendon injuries involving soccer players. 8, 9, 19, 20 Furthermore, the few studies that have been published are limited by small samples.
Therefore, the aim of this study was to describe the epidemiology of PT in a large population of elite male soccer players and to identify potential risk factors. Table 1 .
MATERIALS AND METHODS

Participants and Study Cohorts
Teams were followed during the full soccer season, including the preseason and competitive season. Teams in the UCL and SWE cohorts trained mainly on natural grass and played their home matches on natural grass. Teams in the ART cohort all played on third-generation artificial turfs at their home grounds and also trained mainly on artificial turf, while away matches were played mainly on natural grass. Three teams were initially included in the SWE cohort (seasons 2001 and 2002) and then entered the ART cohort because of a change from natural grass to artificial turf playing surface. Exposure and injury data from these 3 teams were included in the SWE cohort during the 2001 and 2002 seasons while playing on natural grass, and then included in the ART cohort from season 2003 after the change of playing surface.
Data Collection and Study Definitions
The study design followed the definitions and data collection procedures outlined in the consensus document 10 and by UEFA 12 for studies of soccer injuries. The validation of the injury and exposure reporting system and definitions have been described previously. 12 To ensure high reliability of data registration, all teams were provided with a study manual describing the definitions used and procedures to record data, including explanatory examples. In addition, all reports were checked each month by the study group and feedback sent to the teams to correct any missing or unclear data. The definitions applied in the study are shown in Appendix A (available in the online version of this article at http://ajs.sagepub.com/ supplemental/). Player baseline data were collected once yearly, at the start of each season. Individual player participation in training and matches (minutes of exposure) was registered by the club contact person on a standard exposure form sent to the study group on a monthly basis. This included exposures with the first and second team, as well as any national team exposure, for all players. The training content was not recorded. The team medical staffs recorded all time-loss injuries on a standard injury form that was sent to the study group each month. The injury form provided information about the diagnosis, nature, and circumstances of injury occurrence. Injuries were categorized under 4 degrees of severity based on the number of days' absence. All injuries were followed until the final day of rehabilitation. For the present study, we included all recorded patellar tendon injuries, comprising both gradual onset PTs and acute onset patellar tendon partial ruptures. The diagnosis was based on the clinical examination by the team medical staff, and no specific diagnostic criteria were sent out in advance.
Risk Factor Evaluation
We collected information about potential intrinsic risk factors for all players when entering the study: age, stature, body mass, and playing position (goalkeeper, defender, midfielder, forward). The extrinsic risk factors evaluated in the study were total exposure hours (hours of soccer training and match play), training/match exposure ratio (hours of training/hours of match play), team home surface (natural grass or artificial turf), and seasonal distribution (autumn-to-spring or spring-to-autumn season).
Statistical Analyses
Analysis of variance was used for group comparisons of continuous normally distributed data, the Mann-Whitney U test or Wilcoxon signed-rank test for continuous nonnormally distributed data, and the x 2 test for categorical data. Injury incidence was calculated as the number of injuries per 1000 player hours, and compared between groups with rate ratios (RRs) with 95% confidence intervals (CIs), and significance tested using z statistics. Season injury prevalence was calculated as the number of injured players during a season/total number of players in that season 3 100, and was compared between groups with odds ratios (ORs) and corresponding 95% CIs, and significance tested with z statistics. The risk factor analysis was made with the player as the unit for analysis, and ORs with 95% CIs are presented for all variables based on univariate logistic regression. For the multivariate analysis, we included all variables in a backward stepwise logistic regression, and variables with P \ .20 were included in the final model. The significance level was set at P \ .05 for all analyses.
The study design underwent an ethical review and was approved by the UEFA Football Development Division and the UEFA Medical Committee.
RESULTS
In total, 139 patellar tendon injuries were registered; 137 of these were gradual-onset PTs, and 2 were acute-onset partial tendon tears. The 2 acute partial tears affected 1 player in the UCL and ART cohorts, respectively, and because of their different etiologic factors (acute onset), these 2 injuries are not included in the following results section. No total patellar tendon rupture was recorded.
Nature and Severity of Patellar Tendinopathies
Four injuries affected the distal patellar tendon, and the remaining 133 were proximal. Fifty-five injuries (40%) affected the dominant leg (preferred shooting leg); 66 injuries (48%), the nondominant leg (P = .36 vs dominant leg); 4 injuries (3%) affected both knees; and for 12 injuries (9%), the leg dominance was unknown.
Patellar tendinopathy constituted 1.5% of the total number of injuries registered in the 3 cohorts, and caused 1.4% of the total injury absence in the clubs ( Table 2 ). The majority of injuries resulted in absence less than 1 week (61%), while 10% were severe, causing absence more than 4 weeks from training and match play. Two of the severe injuries were surgically treated. The median absence due to PT was 5 days, with 75% of players returning within 12 days. One in 5 injuries was a recurrent complaint, with no difference in absence between recurrent and index injuries (median 5 days for both, P = .58). No intercohort differences were observed for recurrence rates (P = .29), injury severity (P = .90), or median days absence per injury (P = .71).
Season Prevalence and Incidence
Each season, 2.4% of players (season prevalence) missed training or match playing time because of PT, with an incidence of 0.12 injuries/1000 hours of total exposure ( Table 2 ). No significant difference in season prevalence or incidence of PT was observed between teams playing on artificial turf and those playing on natural grass: prevalence 2.25% versus 2.42% (OR, 0.93; 95%, CI 0.60-1.44; P = .74); incidence 0.13 versus 0.11/1000 hours (RR, 1.20; 95% CI, 0.82-1.75; P = .36).
The distribution of PT over the season is shown in Figure  1 . For teams following a spring-to-autumn season, the incidence of PT was increased during the preseason (January to March) compared with the competitive season (April to November) (0.18 vs 0.10/1000 hours; RR, 1.86; 95% CI, 1.08-3.20; P = .026). The incidence for teams following an autumn-to-spring season peaked in July, October, and April.
Risk Factors for Patellar Tendinopathy
Results of the univariate logistic regression showed that total exposure hours during a season was the only variable significantly associated with PT (see Appendix B, available online). In the backward stepwise multivariate logistic regression, 3 variables were included in the final model-total exposure hours (OR, 1.02 per 10-hour increase; 95% CI, 1.00-1.04; P = .033), body weight (OR, 1.15 per 5-kg increase; 95% CI, 1.00-1.33; P = .055), and age (OR, 0.97; 95% CI, 0.93-1.01; P = .17)-while all other variables had P . .20.
DISCUSSION
The main finding of this study was that during the season, 2.4% of all elite soccer players missed training or match playing time because of PT. The absence because of PT was rather short, in the majority of cases less than 1 week, but the recurrence rate was high. There was no difference in incidence or prevalence of PT from playing on artificial turf or natural grass. High total amount of exposure was identified as a risk factor for PT. The strength of the study is the prospective design and that a large population of elite athletes was followed using the same methodology that complied with international guidelines. 10, 12 Prevalence and Incidence of Patellar Tendinopathy Few studies have reported on the epidemiology of PT in soccer. Lian et al 20 described a high (23%) overall prevalence (present and previous symptoms) of PT in Norwegian elite male soccer players, with a point prevalence of 13%. However, these data are difficult to compare with our season prevalence because non-time-loss injuries were included. Studies from Danish elite male soccer show that 7% of players (3.1% to 7% of patellar tendons) developed symptomatic PT during a season. 8, 9 Interestingly, as many as 6% of players (3% of patellar tendons) reported time loss attributable to PT, 9 indicating that over the season a majority of players with PT developed symptoms severe enough to limit performance and lead to missed training or match exposure. The season prevalence found in the present study (2.3%-2.6%) was less than half of that reported previously, but it is not known whether this reflects a true difference in injury prevalence or differences in study methodology, reporting thresholds, or varying treatment regimens (ie, to let players with symptoms carry on playing or take them out of training). We found no difference in incidence or prevalence of PT between the 3 different cohorts in our study, representing the highest professional European level (UCL), and a high European elite level (ART, SWE). Noteworthy is that only 2 acute-onset partial ruptures were identified in this study and no complete rupture, indicating that these are rare conditions in elite soccer. Tendon rupture is considered the final stage of PT, 21 and one could speculate that by early identification and treatment of the condition and by a reduction of tendon load (eg, alternative training programs) during symptomatic periods, tendon ruptures were avoided in these elite soccer players. Season prevalence expressed as no. of players with an injury in a season/total no. of players that season 3 100. d Injury incidence expressed as number of injuries/1000 hours of total exposure (95% confidence interval). Figure 1 . Incidence (injuries/1000 hours) of patellar tendinopathy over the season for teams following an autumn-tospring season (July-May, black bars) and a spring-to-autumn season (January-November, white bars), respectively.
High Recurrence Rate
The high recurrence rate found in this study (12%-27%) reflects the chronic and recurrent character of this troublesome condition and corresponds with previous studies of male elite soccer (21%). 9 After a short period of rest, load reduction, and treatment, athletes become asymptomatic and may restart competing until another period of symptoms occurs. From studies in volleyball players, it is clear that pain and ultrasonographic abnormalities can vary over the season, 25 being indicative of players having recurrent complaints. There is, unfortunately, little evidence on how to prevent these recurrent episodes of PT in athletes. Eccentric training, a cornerstone in the nonoperative treatment of chronic PT, 26, 28 has not shown similarly good results for prevention. 9 However, correction of intrinsic and extrinsic risk factors should be an important part in prevention. For instance, an adapted training program may be advised for athletes with a previous history of PT during parts of the season involving increased load, such as during the preseason preparation or during intense parts of the competitive season, in order to prevent recurrent complaints.
Risk Factors for Patellar Tendinopathy
In our group of elite male soccer players, a high total amount of exposure was associated with an increased risk of PT. This is in line with previous cross-sectional studies from volleyball, 7 basketball, 11 and various sports 4 where an association between training load and hours of sports participation and prevalence of PT was observed. The finding is probably indicative of the condition's overuse nature with prolonged repetitive stress of the patellar tendon. For northern European clubs, following a springto-autumn season, an increase in incidence of PT was observed during the preseason period when training load is high, thus possibly supporting an association between tendon load and development of symptomatic PT. In contrast, Lian et al 20 reported no difference in overall training amount, amount of sport-specific training, weight training, jump training, or other types of training between soccer players with current or previous complaints of PT and those without in their cross-sectional study.
Of the potential anthropometric risk factors evaluated in the present study, only increased body mass was borderline significant. Increased body mass has been identified as a risk factor in previous studies in volleyball players 4, 20, 22, 23 and may be attributable to increased forces acting on the patellar tendon with an increased body mass. Stature was not associated with development of PT in our study, which is in agreement with most studies, 4, 11, 22, 23 while Lian et al 20 reported, from their cross-sectional study, that increased stature was associated with the risk of PT in soccer players. Similar to previous studies, age was not associated with the risk of PT in our group of elite soccer players. 4, 11, 20, 22 Furthermore, we found no association between leg dominance or playing position and development of PT.
We found no influence on injury rates from playing surface, whether mainly played on artificial turf or natural grass. Previous reports from the same cohort of elite clubs playing on artificial turf showed that the incidence of acute injuries is also comparable between surfaces. 5 Ferretti et al 7 showed, in a study of volleyball players, that the prevalence of PT increased with a harder playing surface, and another study 2 reported a lower prevalence of PT in beach volleyball compared with previous studies from indoor volleyball, indicating that ground hardness may be correlated with PT. The elite soccer clubs in the ART cohort in our study all played on home grounds with third-generation artificial turfs, developed to resemble natural grass and using sand and rubber granules, and sometimes a shock-absorbing rubber pad, to reduce ground hardness. Considering that the incidence of PT among northern European teams in our study was high during preseason, a period with poorer weather and cold temperatures, a possible association between climate conditions, ground hardness, and injury rates in soccer should be evaluated further.
Methodologic Considerations
First, a limitation of the study is related to the registration of injuries. No specific set diagnostic criteria for a patellar tendon injury were used. We followed the football consensus proposal for general definitions, and all patellar tendon injuries leading to time loss from training or match play were reported by the team medical staff. Furthermore, we did not collect specific data on the severity of patellar tendinopathies (eg, VISA-P [Victorian Institute of Sport Assessment-Patella] score 27 ) other than time loss due to the injury. No imaging data were obtained from the injured players either. Therefore, only symptomatic PT and acuteonset patellar tendon partial ruptures, diagnosed on the clinical experience of the team medical staff, were included. On the other hand, the correlation between imaging (MRI or ultrasound) and clinical findings is often low, 9, 25 and clinical examination will identify players with symptomatic patellar tendon injury during soccer training and/or match play. Finally, with the current time loss definition used, it should be recognized that the injuries captured in our surveillance study probably represent the tip of the iceberg and our data might underestimate the magnitude and effect of this chronic overuse injury. 1 It is well known that many athletes with PT may keep on participating in training and matches despite having some pain. However, the definition was chosen for the general injury surveillance study to capture injuries with substantial effect on players' health and performance as well as on the performance of the team. 12 Second, another limitation refers to the registration of training exposures. We only registered collective team training and not any other individual training (eg, strength and conditioning training) that players performed as a part of their daily routines in the club or outside of the club. Therefore, the total training load of players is not known. To control for such factors it has been recommended that individual activities should be recorded also in team sports like soccer. 15 Furthermore, the intensity and type of training performed was not registered, and this is another limiting factor as it has been shown that high volumes of jump training and eccentric load may increase the risk of PT. 20, 22 However, even though this may slightly interfere with intersport comparisons, it is unlikely that the type of training differs substantially between the different cohorts of elite male football players included in this study and that this would affect our evaluated risk factors (eg, comparison between teams playing on artificial turf and natural grass).
CONCLUSION
Patellar tendinopathy is a rather common condition in elite soccer players, with a high recurrence rate. High overall exposure during a season was a risk factor for developing PT. Furthermore, an increased incidence of PT was observed during the preseason period when training load is high. These findings indicate a link between patellar tendon load and injury occurrence, even though results should be confirmed in future studies. More high-quality studies on risk factors for PT in professional as well as in female, amateur, and youth soccer are needed to generate preventive strategies.
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